3D visualization is a tool that supports geospatial analysis through the application of scientific information. It enhances the quality of standard photography and can be used in many applications. Through this study, a 3D mangrove tree model is generated, as assisted by a tree crown derived from UAV images. The researchers explored different platforms namely: MeshLab, SketchUp (with 3D Tree Maker extension), and Clara.io, to come up with a more realistic three-dimensional (3D) model of a mangrove tree. From an Unmanned Aerial Vehicle (UAV) derived Digital Surface Model (DSM), an isolated tree crown was selected which was then used as an assisting tool in creating the final 3D mangrove tree model. A default tree object was modified according to the characteristics as described by the DSM. Additional branches and leaves were added to the existing tree object, and its shape was modified to conform to the tree crown. The resulting model may be used to more accurately depict objects in the area to be visualized, however an automation procedure is recommended for an easier and more effective generation of multiple tree models expected in an area.
INTRODUCTION

Background of the Study
3D visualization is a tool for more effective decision-making processes. It allows better communication between policymakers and the public (Lange, 2005) . Through geovisualization, policymakers can make a virtual replica of the current situation and present it to the public. (Laurini, 2017 (Laurini, , www.civilfx.com, 2016 . 3D visualization enhances and improves visual communication. Majority of the people can perceive and understand better if objects and scenes are rendered realistically. Compared to 2D maps and still graphics, 3D visualizations can portray more realistic objects and enhances how the user can comprehend patterns, relations, trends, and critical points (Laurini, 2017) . For example, buildings would appear as rectangles in a 2D map but would appear as they are in a 3D visualization. 3D modeling is the processes of creating a three-dimensional virtual representation of an object in various fields. It is sometimes integrated with spatial analysis through geographic information system (GIS). Specifically, this type of modeling is called 3D spatial modeling. One of its distinct characteristics is that objects are georeferenced (Turner, 1989) .
Through the fast-improving technology, comes various techniques in generating 3D scenes for visualization as well as individual 3D modes incorporated in each scene. This study integrates two free desktop software programs-MeshLab and SketchUp Make with 3D Tree Maker extension, and an online application, Clara.io, to generate a 3D model of a mangrove tree, following its crown derived from a drone survey. In this way, a mangrove tree can be well represented for visualization purposes since the model better replicates the shape and form of the actual tree compared to a built-in model from a specific software. However, the researchers used a tree model from 3D Tree Maker as the base model for the researchers found it more time and cost efficient than to create a model from scratch. Furthermore, this study will be a good basis for visualization of an entire mangrove forest, once extended.
Objectives
Through this study, the researchers aim to create a 3D model of a mangrove tree aided by a crown derived from UAV images. Specifically, this paper intends to provide a step-by-step procedure in generating a more effective 3D single mangrove tree model. This can be used as a basis for visualization of an entire mangrove forest that better represent the actual scenario.
Limitations
This study is a preliminary study in modeling an entire mangrove forest, so it is limited to model a single tree only. While doing the model, the researchers used HP Pavilion 14-v015tx Notebook PC with the following specifications: With this computer, the 3D Tree Maker extension of SketchUp Make does not work properly. No changes can be detected when settings in the branches, leaves and other tree elements were altered. However, the researchers used one built-in model from this extension as a base model. Also, since Clara.io is an online application, the processing time is greatly affected by the speed of the internet. Furthermore, there was no assessment performed to evaluate the effectiveness and usability of the model.
REVIEW OF RELATED LITERATURE
Landscape Visualization
Landscape visualization is the application of different visualization methods in modeling various land forms on the earth's surface (Schroth, 2010) . Deussen et al. (1998) created a system that can support landscape visualizations. This system reduces the memory requirement by using representative objects instead of group of plants. However, this results to simple but unrealistic and physically incorrect models. It also cannot incorporate the sun and its light thus portraying no shadows. The only remedy was to add shadow maps (Clasen and Hege, 2005.) .
Canopy Modeling
In 1995, Ramsey and Jensen modeled mangrove canopy reflectance using a light interaction model and an optimization technique. In their study, they obtained the canopy reflectance spectra of the different mangrove species such as black (Avicennia), white (Laguncularia), and red (Rhizophora) mangroves from an airborne high-resolution data. Then, canopy characteristics were predicted using the light interaction model with an optimization routine and the derived reflectance spectra. In 1996, the same researchers were able to relate the acquired reflectance spectra into site-specific data. Their further study showed that by using normalized difference vegetation index (NDVI) the 84% of the leaf area index (LAI) variance was justified. They were also able to prove that the canopy LAI was positively related to canopy height. After achieving interesting results, yet, Ramsey and Jensen did not extend their methodologies into three-dimensional modeling in this paper.
3D Mangrove Mapping
Using object-based image analysis techniques based on UAV hyperspectral images obtained from UHD 185, a commercial hyperspectral imaging sensor, attached on a UAV platform, Cao et al. (2018) were able to perform mangrove classification on Qi'ao Island. Their methodology is shown in Figure 1 . The UAV hyperspectral image and the UAV-derived DSM were used to generate objects. Using the same set of data, they extracted height information, vegetation indices, textural and special features. Then the classification and regression tree (CART) method and the correlation-based feature selection (CFS) algorithm were utilized for band selection and feature reduction respectively. Finally, they were able to classify these objects into different mangrove species and other land covers based on their spectral and spatial characteristic differences.
In this paper, the researchers also aim to use an object-based image analysis technique derived from UAV images, but would focus on generating a 3D model of a mangrove tree instead of image classification.
3D Modeling
In a previous research, the researchers generated visualization products using 4 different platforms such as Google Earth, ArcScene, Virtual Terrain Project, and Terragen. Outputs from each platform were compared in terms of effectivity and effectiveness using a perception survey. The results show that people with different knowledge and background tend to prefer different platforms depending on their field of expertise (Domingo, et al., 2017) .
However, one of the limitations of the researchers was that they only used built-in 3D object models available within the four platforms mentioned. Also, one of the notable recommendations of that study was to incorporate 3D models and orthophotos from UAV images to improve the visualization products and to have a more virtually realistic and accurate model. Figure 2 shows the step-by-step methodology of this study.
SELECTION AND ISOLATION OF TREE CROWN
Figure 2. General methodology of this study
From a previously study, the researchers were able to capture UAV images of a mangrove forest in Banate Bay, Iloilo using DJI Phantom 4 Professional. Since UAV survey is an in-situ method, the researchers needed to be in the area. Through this, they were also able to identify that one of the most common specie of mangrove in that area was Rhizophora.
From the UAV images, the researchers generated 3D model of a mangrove forest processed through AgiSoft, as seen in Figure  3 . Then, they look for a secluded tree crown that can be isolated from the entire model. This tree crown will be used as the subject tree in this study. Figure 4 shows that there is a secluded tree crown at the lower right tip of the mangrove forest. Instead of selecting everything else, excluding the subject tree crown, secluded tree crown was selected and use Invert Selection tool to then select areas outside the crown of concern, for deletion. This leaves only the tree crown of concern. The tree crown was exported as Collada (.dae) file, which can be imported into SketchUp. Shown in Figure 5 that not only the tree crown itself was exported but it also contains some parts of the ground. The position of the ground may be used be a reference for the height of the mangrove tree model. Furthermore, it can also be seen that this tree crown is too big for just one tree. It is observed that this isolated tree crown may be consisted of not just one, but multiple mangrove trees.
Figure 5. Isolated tree crown as viewed in SketchUp
To validate the observation of the researchers, raw images from the UAV survey were inspected. Figure 6 shows that there are approximately about 4-5 mangrove trees within the isolated tree crown. Thus, the researchers selected only one tree to be modeled. Figure 6 . UAV raw image containing the isolated tree crown
GENERATION OF A 3D TREE TEMPLATE AND 3D TREE ELEMENTS
A 3D tree template was created using the "tree41: Generic Tree 41" of 3D Tree Maker, which has similar characteristics to a mangrove tree. Tree41 was identified to have eye-shaped, shiny green leaves as well as comparable structure of the branches than that of a mangrove tree. However, the roots, which are notable in mangrove trees, were not portrayed as these lie covered by the tree canopy in the DSM. The tree template was placed within the tree crown model to check if it fits properly. Figure 7 shows that the tree template has a little resemblance to the tree crown and does not fit right. Thus, alterations are still necessary.
Using Clara.io, some branches and leaves were separated from the template. These tree elements were exported as Collada (.dae) files, so that it can be imported back to SketchUp after modification. Figure 8 . 3D tree elements generated from Clara.io
3D MANGROVE TREE ASSEMBLY
Now, alterations from the template model can be done to make it a proper fit into the tree crown. 3D tree elements were imported into SketchUp and was applied with proper texture, similar to the tree template.
Before adding the tree elements, the existing tree template was first altered. Excess branches and leaves were deleted while other branches and leaves were resized using the Scale tool. The output is shown in Figure 9 . Figure 9 . First alteration of the tree template Lastly, additional branches and leaves were added to achieve a mangrove tree model that fits into the tree crown model. Figure  10 shows the final 3D mangrove tree model. This model conforms better to the tree crown described by the DSM, compared to the default template shown in Figure 7 . Figure 10 . Final 3D mangrove model
CONCLUSIONS AND RECOMMENDATIONS
Conclusions
This study shows a step-by-step procedure in generating a 3D model of a mangrove tree assisted by a tree crown derived from UAV images. Moreover, the researchers were able to create a more improved 3D mangrove tree model compared to a built-in model generated by a software. The generated model follows the shape of its own crown, as characterized by the DSM generated from the UAV images.
Recommendations
The researchers recommend the following for further studies: First is to use a higher processing computer to better utilize the function of the 3D Tree Maker extension of SketchUp. Secondly, automation of this process would be a great tool to create a model of not just a single mangrove tree but even an entire mangrove forest faster and more efficiently. It is also recommended to explore free and open source applications or platforms for easier automation, and interoperability of the data formats. Finally, it is recommended to conduct a perception survey to assess the effectiveness of the final model as a 3D abstraction of a mangrove tree in digital format.
